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Virus Antigens on the Surface of Infected Cells: Binding and Elution of [125I]-labelled Antivirus Antibody
(Accepted 20 October I972 )
We showed recently that the specific binding of [125I]-labelled antivaccinia IgG to the surface of vaccinia-infected cells could be used to detect vaccinia antigens and measure antivaccinia antibody (Hayashi, Rosenthal & Notkins, I972 ). The present study shows that this technique can be applied to other viruses and that purified antivirus antibody can be obtained by eluting the specifically-bound immunoglobulins from the surface of infected cells.
Primary rabbit kidney (PRK) cells were prepared as described previously (Hampar et al. I968) . Herpes simplex virus (HSV), type I, and vaccinia virus, strain cvI-79, were propagated and assayed in PRK cells (Hampar et al. ~968; Kempe et al. I968) . Influenza virus, strain ~'R-8, was grown in m-day-old embryonated hen's eggs and assayed by haemagglutination (Davenport & Minuse, I964) . Hyperimmune antisera to each virus were prepared in rabbits (Brier et al. r97I ). The gamma globulins were obtained by ammonium sulphate precipitation and fractionated on Sephadex G-2oo (Hampar et al. r968 ). The IgG fraction was labelled with [125I] by the chloramine-T method (McConahey & Dixon, I966) .
In a typical experiment, confluent monolayers of PRK cells in 35 mm Petri dishes, containing approximately I.O x io 6 cells, were inoculated at 37 °C with 2.o x io 7 p.f.u, of HSV, 2.o x ~o 6 p.f.u, of vaccinia virus or IOO haemagglutinating units of influenza virus. At given times thereafter the medium was aspirated and the monolayers washed with Eagle's medium or phosphate buffered saline (PBS) and then incubated at 37 °C for ~ h with 0"5 ml of a I : 5 O or I : IOO dilution of [125I]-labelled IgG from immunized or unimmunized animals. The unbound [125I]-labelled IgG was removed by washing the monolayer six times. The amount of [125I] that remained bound to the cells was determined in a Packard Auto-Gamma Spectrometer. The results are expressed as the ct/min bound to the monolayer and each is the mean of two or three monolayers. In most experiments, values for replicate cultures were within + I 5 ~oo of their mean.
The first experiment was designed to study the time of appearance of newly synthesized virus antigens on the surface of infected cells. Monolayers were infected with HSV and at various times thereafter were incubated with [125I]-labelled anti-HSV IgG. Fig. I shows that within 2 h of infection, [~SIl-labelled anti-HSV globulin equivalent to I99O ct/min had bound to infected monolayers as compared to 337 ct/min to uninfected monolayers. Between 2 and 4 h after infection there was no increase in the binding of [125I]-labelled antibody. However, between 4 and 6 h after infection the binding of labelled antibody increased, and at Io h after infection i8.6 times more antibody had attached to infected than to uninfected cells. In contrast, [125I]-labelled globulin from unimmunized animals bound equally to infected and uninfected cells (zoo to 3oo ct/min/monolayer).
To study the possibility that the considerable binding of [~25I]-labelled anti-HSV globulin to cells within z h of infection was due to the attachment of antibody to virus adsorbed to cell surfaces, PRK cells were exposed to HSV for I5 or 9 0 min, washed and then incubated with [a25I]-labelled anti-HSV globulin. Cells inoculated with either PBS or a lysate from uninfected cells served as controls. In these experiments, 5 to 7 times more [a25I]-labelled anti-HSV globulin attached to monolayers previously exposed to virus than attached to monolayers not exposed to virus. Similar results were observed with vaccinia virus and
[a25I]-labelled antivaccinia globulin (Hayashi et al. I97Z) .
The reciprocal of the highest dilution of [125I]-labelled anti-HSV globulin that gave significant binding to the surface of HSV-infected cells as compared to uninfected cells, is a measure of the antivirus activity of antibody in that preparation. Table I * Cells infected with vaccinia virus for 8 h were incubated at 37 °C for I h with [l~sI]-labelled antivaccinia globulin. The monolayers were washed 6 times to remove unbound immunoglobulin and then treated at 3 7 °C for i h with 2.0 ml of one of the above reagents. Eluates and cells were assayed for radioactivity and the percentages of initially bound immunoglobulin eluted from the cells were determined.
The extension of this radioimmunoassay to other viruses and to the study of the specificity of virus antigen-antibody interaction is illustrated in Table 2 . Monolayers were infected with HSV, vaccinia virus, or influenza virus, and then incubated with each of the [a2~I]-labelled antisera. In each case, apart from up to Io ~ of non-specific binding, the antivirus antibody reacted predominantly with cells infected with the homologous virus.
The observation that [l~SI]-labelled antivirus globulin bound to the surface of virusinfected cells suggested that purified antivirus antibody might be obtained by during the antibody from the infected monolayers. Cells infected with vaccinia virus for 8 h were incubated with [125I]-labelled antivaccinia globulin and washed to remove unbound immunoglobulins. After treatment of the monolayers for I h at 37 °C with different eluting reagents, the cells and media were assayed for radioactivity. Table 3 shows that o.2 M-glycine-HC1 buffer (pH 2.3) or HC1 (pH 2"3) eluted 72 ~o and 87 ~, respectively, of the cell-bound radioactive material.
To determine whether the radioactivity recovered following treatment with HCI (pH 2"3), was associated with antibody which retained its ability to react with virus antigens, the eluates were adjusted to pH 7"2, incubated for I h at 37 °C with infected and uninfected cells, and the percentage of radioactivity bound was determined. About 25 ~ of the radioactivity became attached to infected cells, and presumably retained itsinitial antivirus activity and only o'9 ~ of radioactivity attached to uninfected cells. Since less than I.O ~; of the [125I]-labelled globulin attached to the infected cells during the first incubation before elution, the binding and elution steps resulted in an increase of over 25-fold in the purity of the antibody.
In summary, the binding of p25I]-labelled antivirus globulin to the surface of infected cells is a specific and sensitive method for detecting HSV antigens and may be applicable to other viruses. Moreover, the binding and elution of antibody from monolayers of infected cells may be a useful procedure for obtaining specific antivirus antibody free from other immunoglobulins.
